The Saccharomyces diastaticus glucoamylase encoded by STA1 contains two signal sequences for potent secretion of the enzyme, a hydrophobic leader peptide (HL), and a tract consisting of threonineand serine-rich sequences (TS); hybrid proteins of Escherichia coli /?-galactosidase carrying both HL and TS are secreted through the cytoplasmic membraneto the cell-surface fraction of yeast cells, but those carrying either HLor TS are not. To investigate the molecular mechanismsfor these signal sequences, we have isolated a dominant mutation, £57)1, which suppresses a secretory defect caused by deletion of these sequences. Yeast cells harboring the mutation secreted hybrid /?-galactosidase proteins carrying either HLor TS into the cell-surface fraction. Even /i-galaetosidase itself was secreted to the cell surface in the mutant. These results suggest that HLand TSinteract with a wildtype ssdl + gene product to promote protein secretion. volved, we have attempted to isolate mutants which are able to secrete TS-LacZ and grow on a mediumcontaining lactose as a sole caron source. In this paper, weinvestigated one of the mutants in detail and found that this mutant secreted, besides HL-TS-LacZ, LacZ (carrying no HL or TS), HL-LacZ, and TSLacZ into a cell-surface fraction. Genetic analysis revealed that the mutation is dominant.
Recently, we reported a novel secretory signal, the threonine-and serine-rich tract (TS), and the classical hydrophobic leader sequence (HL) YEPDplates contain 1% yeast extract, 2%Polypepton, 2% glucose, and 2% agar. Lactose plates contain 0.6% yeast nitrogen base without amino acids (Difco), 2% lactose, 2% agar, and histidine (30mg/l). SD plates contain 0.6% yeast nitrogen base without amino acids, 2%glucose, 2% agar, histidine (30 mg/l), and lysine (30mg/l). All plasmids used in this work were constructed previously.4* They carry LEU2, URA3, and STAl-lacZ fusion genes which encode various lengths of Stal aminoterminal peptide and a constant carboxy-terminal peptide of j5-galactosidase (starting with the seventh amino acid residue from the initiating methionine). Fusion proteins produced by these plasmids are diagrammed in Fig. 1 . The plasmid pIY184 produces a form of jS-galactosidase protein, simply designated LacZ hereafter, which consists of the first methionine residue of Stal glucoamylase and the truncated /?-galactosidase.
Isolation of mutants. Cells of the strain YIY345was transformed with the plasmid pIY179 which produces TSLacZ. The transformed cells were spread on the lactose plate and incubated at 28°C. Spontaneous mutants which formed colonies were purified by single-colony isolation on the same plate. The mutants were subcultured on YEPDplates to cure the resident pIY179 plasmid. The resulting clones were again transformed with pIY179.
Clones able to growon the lactose plate wereselected as mutants.
Assay for fi-galactosidase activity. /?-galactosidase activity was measured by the method of Miller6) with pnitrophenyl /?-D-galactoside (PNPG) as a substrate.
Transformed cells were cultured on SDplates, then in 5ml of YPGL. Cells were harvested by centrifugation when the cell density at an optical density of 660nm reached 5~8. The resulting supernatant was used for assaying /?-galactosidase activity in a culture-fluid fraction.
The pelleted cells were washed with deionized water, recentrifuged, and resuspended in 0.5ml of Z buffer (60mM Na2HPO4, 40mM NaH2PO4, 10mM KC1, lmM MgSO4, 35mM 2-mercaptoethanol, and 1 mMphenylmethylsulfonyl fluoride; pH 7.0).6) Samples (10/il) were withdrawn to assay the /?-galactosidase activity of intact cells (this activity represents the activity present on the cell surface of yeast cells, since PNPG does not permeate into yeast cells). To the remaining cell suspension was added 1.5 g of acid-washed glass beads (0.5 mmin diameter). The mixture was vortexed for 5 min with occasional chilling on ice. Breakage was monitored microscopically by counting intact cell numbers before and after mixing. The efficiency was always more than 95%. The disrupted cell suspension pIY163, pIY164, and pIY165) were somewhat reduced as compared with that of LacZ (PIY 184), while the total activities of the fusion proteins carrying TS but not HL (pIY179 and pIY185) were increased more than 2-fold. This suggests that HL in the fusion proteins causes instability of the proteins in the cell, while TS can serve as a stabilizer in the absence of HL. However,wecan not exclude the possibility that the hybrid proteins carrying HLshow reduced specific activity of^6-galactosidase while TS-LacZ carrying no HL shows increased specific activity.
On the contrary, the mutant R179 showed elevated secretion of the fusion proteins of any construct, judged by^-galactosidase activity with intact cells. The efficiency of secretion increased 2-fold for HL-TS-LacZ (pIY164 and pIY165), 5-fold for LacZ (pIY184), and 10-fold for HL-LacZ (pIY178) and TS-LacZ (pIY179 and piY185). No significant amounts of /?-galactosidase activity were detected in culture fluids. These results suggest that the mutation bypasses the requirement for HL and TS.
Although as much as 10% of the total activity of LacZ produced by pIY184 was detected in the cell-surface fraction of mutant cells, we believe that the mutation did not give rise to cell lysis or enhancement of substrate permeability for the following reasons: (i) the mutant cells grew normally in any culture medium tested (YEPD, YPGL, or SD), and no lysed cells were detected on the microscopic observation, (ii) no significant amounts of /?-galactosidase activities were detected in the culture fluid, and (iii) if the mutation enhanced the a The mutant R179 harboring the plasmid pIY179 was crossed with the wild-type strain YIY344, and the resulting diploid was subjected to tetrad analysis. with intact cells would be in proportion to the total activity; however, the ratios were not constant but ranged from 10 to 25%.
Genetic analysis
Because the mutation was selected as a spontaneous event, weexpected that it would correspond to a single-site mutation. To obtain further evidence on this, the mutant was crossed with a wild-type strain and used for tetrad analysis. The mutant phenotype (suppression of the secretory defect of TS-LacZ) segregated essentially with the expected 2 : 2
Mendelian inheritance pattern of a simple single-locus mutation (Table I) .
To test for dominance, the mutant was crossed with wild-type strains. In each case, the resulting diploid was able to secrete TS-LacZ, indicating that the mutation is dominant (Table II) . We designated the mutation SSD1 for suppressor of signal sequence defect. These results suggest that HLand TS act through a wild-type ssdl+ gene product. One possible explanation is that the ssdl+ gene product recognizes HLand TS and promotes secretion of hybrid /?-galactosidases, and that a dominant mutant protein acts constitutively with no requirement for either HLor TS. Our present data raise the possibility of constructing a novel yeast host that will allow cellsurface associated or extracellular expression of a variety of proteins, especially, mammalian gene products which have been secreted at low levels even from bacterial cells.
